Abstract. Nowadays, there is a wide range of commercial LBMS (LocationBased Mobile Services) available in the market, and a trend towards the display of 3D maps can be clearly observed. Given the complete disparity of ideas and a visible commercial orientation in the industry, the study of the visualization aspects that influence user performance and experience in the exploration of urban environments, using 3D maps, becomes an important issue. Based on a proposed conceptual framework, an online questionnaire was developed and administered in order to measure the real impact of each element. Combining the experimental results with the current state-of-the-art, a new visualization paradigm is defined in a dual specification: "layers" providing relevant visual content to the map, and "functions" providing the necessary functionality.
Introduction
The LBMS technology, namely in the form of GPS-based navigation systems, has just recently reached a state of technological maturity, enabling the development of 3D mapbased graphical interfaces. By looking at the variety of visualization paradigms being proposed, one can clearly notice a great disparity of ideas without a clear notion of its usefulness. Provided the non-existence of an objective state-of-the-art generalizing theory capable of unifying and evaluating all the visualization elements and properties, the main motivation of this work is to study the most relevant of these features and how to adjust them appropriately, by defining a new visualization paradigm in order to maximize the usability of mobile maps and to improve the navigation experience, in accordance with the following objectives: section 5 presents the proposed visualization paradigm and section 6 presents some conclusions and future work.
Map-based mobile services depend upon image to display orientation information, although audio is also used for specific instructions. The concept of Image Realism is thus fundamental to the understanding of how maps are visually perceived, and so we need to measure its effectiveness. The results from several experiments [1,2] demonstrate that the variable that most contributed to the sense of realism was -by far -the high-resolution orthophotographic imagery, immediately followed by texture-mapping. In other works like [3] , the importance of perception-based image quality metrics is studied, such as the ones given by the VDP (Visible Differences Predictor) and the VDM (Visual Discrimination Metric). The VDP quality metric takes two images as input and generates a difference map that predicts the probability of the human eye to find differences between the two pictures, as demonstrated in [4] .A simplification of the VDM quality metric was provided by finding a just noticeable difference map corresponding to a 75% probability of a person detecting a difference between the two images [3] . Because of some controversy and no agreed-upon standards for measuring realism in computer-generated imagery, a conceptual framework for measuring image realism and evaluating its usefulness was proposed in [5] . The framework distinguishes three different varieties of realism: physical realism, photo-realism and functional realism. However, this framework does not seem to be enough to encompass the extents to which reality or virtuality can be "augmented". Accounting for such circumstances, the concept of Virtuality Continuum was introduced in [6] .
Map-based mobile services are used for specific navigation tasks. The underlying basic equation that can help us to find the "perfect" balance in map-based mobile services is what could be called of Mobility Equation. This equation was first formulated by Leonard and Durrant-Whyte for mobile robot navigation [7] but can be equally extended to human navigation. In [8] , user tasks are classified into 4 different groups that have a strong relationship with these questions, as described in Table 1 In this work we have analyzed and studied several state-of-the-art contributions on LBMS which provide a wide variety of visualization paradigms, in order to understand the current tendencies in the industry and to formulate hypothesis regarding their validity and usefulness. The contributions range from pilot studies to commercial
